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Introduction. Nowadays, vacuum-type dough dividers are used 
in industries with a production volume of up to 4,000 loaves 
per day. In the dough divider operation, due to wear of the 
working surfaces of the piston, chamber, and drum, the gap 
between them goes beyond the value equal to 50 microns, 
which provides vacuum in the suction chamber. As a result, 
the suction process becomes unstable; the dough divider 
disturbs the weight accuracy of bakery goods. Repair of such 
equipment is carried out mainly through a full or partial 
replacement of worn parts and assemblies with new ones. To 
increase their durability, there is a need to develop a new 
highly efficient technology with the restoration of worn part 
surfaces using the welding and surfacing methods. 

Materials and Methods. A new technique of determining the 
number of objects for research using the “STATISTICA” 
program is presented. Wear surfaces of the vacuum dough 
divider parts are determined. 

Research Results. Micrometric studies of the dough divider 
components were carried out. They showed the presence of 
appreciable size distortions due to the local wear of the 
working surfaces. In this case, a side gap between the suction 
chamber and the main piston and between the drum and the 
suction chamber is 6 times higher than the permissible one, 
and a vertical gap between the division box and the piston 
exceeds the permissible gap by more than 10 times. Wear of 
the working surfaces of the dough divider parts is local in 
nature, while the range of values is as follows: for the main 
piston, it is 10-200 microns; for the gaging piston, it is 250- 
900 microns; for the suction chamber and division box, it is 


300-400 microns; for the drum surfaces, it is 280-300 microns. 


* The research is done within the frame of Contract No. 18-43130003/18. 


Beedenue. B HactToalee BpeMA Ha IIpOW3BOACTBax C OObEMOM 
Bbiycka 0 4000 OyloK B eHb UCTIOUb3YHOTCH 
TECTOJCUUTeIbHbIe MallIMHbI BaKyYyMHOro Tula. B mporecce 
SKCIUIyaTallw TECTOeMTeIBHOTO YCTPOMCTBa 3-38 H3HOCOB 
padounx NOBepxHOcTeH NOpmiHA, KaMepbl, OapaOaHa 3a30p 
M@K]Y HAMM BbIXOJMT 3a BeJIM4MHY, paBHyto 50 MKM, TIpu 
KOTOpOH OOecMe4HBaeTCA BaKYYM BO BCAaCbIBaOIen KaMepe. 
B  pe3yibTate 9TOrO Mpolecc BCaCcbIBaAHHA CTAaHOBUTCA 
HeCTAOWJIbHBIM, TECTOJCIMTeIbHOe YCTpOUCTBO HapyllaeT 
TOUHOCTh pa3BeCOBKH xJIeOOOyIOUHbIX U3qemuuH. PeMOoHT 
TakOrO oOO0pyOBaHHA pOBOMTCH B  OCHOBHOM~ C 


MCHONb30BaHHeM TMONHOMW WIM YacTHYHOM 3aMeCHBI 
M3HOIMICHHBIX JeTaeH UM y3JI0B Ha HoBBIe. Jit NOBBINeHHA UX 
JOJIFOBCYHOCTH BO3SHUKaeT MOTPeOHOCTh B pa3spaooTKe HOBO 
BbICOKOIMeKTHBHOM TeXHOJIOTHH C BOCCTAaHOBJICHHeM 
W3HOIICHHbIX TIOBepxXHOcTeH jeTasieu CBapouHo- 
Hall1aBOYHbIMH MeTO]{aMH. 

Mamepuaabi u memoooi. IpeaqctapieHa HOBad MeTOMKa 
oOlpeyeueHHuA KOUMYeCTBAa OOBECKTOB JIA MCCIeOBaHHA C 
MCMOIb30BaHHeM TporpaMMbI «CTaTHCTHKa». OrnpeyteseHbl 
TOBeEpXHOCTH U3HOCaA JeTasleH TeCTOJ[CIMTeIbHbIX MallnH 
BaKYYMHOYIoO TuII1a. 

Pezyibmamo ucciedoeanua. IIpopeyeHbl MUKPOMeTparKHble 
McciIeqOBaHHvA leTalIew TeCTOCMTeIbHBIX YCTPOHCTB, 
KOTOpble 10Ka3aJIM HalIM4uve y HUX 3HAYMTeJIbHBIX UCKaxKeHuM 
pa3MepoB H3-3a JIOKasIbHOrO H3HOCa paOounx MOBepXxHoOcTe;. 
IIpu 9TOM OOKOBOH 3a30p MexKAYy BCacHIBAaIOllleH KaMepor u 
TJIaBHbIM TOpIHeM, OapadaHoM UH BCacbIBarolleH KaMepon B 6 
pa3 IIpeBbIlaeT JOMYCTHMBbIM, a BEPTHKAJIbHbIM 3a30p MexK Ty 
MepHOM KaMepolu H TMOpIHeM MpeBbillaeT JOMYCTUMBIM 3a30p 
Oosee 4uem B 10 pa3. M3HocbI padOounx MoBepxHocTen JeTasen 
TECTOJCUMTCIbHBIX MallIMH HOCAT JIOKAJIbHBIM XapakTep, Ipu 
9TOM JMaia30H 3HaveHMM COCTAaBJIAeT: TIA TaBHOrO MOpImHA 
— 10-200 mkm; mepHoro nopmmHa — 250-900 MmkM; 
BCAaCBIBaIOWMX WM MepHbIxX KaMep — 300-400 Mkm; 


IOBepxHocTei OapadaHa — 280-300 mx. 
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Discussion and Conclusions. The conducted micrometric O6cyorcdenue u 3AKIOYCHUA. IIpopeyjeHHpIe 


studies showed the presence of appreciable size distortions due IETS OAC TRNOD) O21 ARON TES UPC CTIGHS Ta SAE TIS SUSTA TO CIGNA PO Te SL 2s 


CTpovicTB OKa3aIM HaMune HUX  3HaYMTCJIbHBIX 
to the local wear of the working surfaces. Based on the results yerP ‘ y 
HCK@KeHHH pa3MepOB H3-3a JIOKaJIbHOrO HW3HOCa padounx 


in i n r h he m r 1 n - 
obtained, it can be argued that the most productive and TOBepxXHOcTeH. OcHOBbIBadCb Ha MOJIYYCHHBIX pe3yJIbTaTaXx, 


economically viable technique for the restoration of worn MOXKHO YTBepxKIaTb, TO HawOoee TeXHONOrHYHBIM 4H 


surfaces of dough divider parts is, for example, the JIKOHOMHYCCKN ljeecooOpa3HbIM JIA BOCCTAHOBJICHHA 


electro sp ark machinin g. H3HOMICHHbIX TWOBCpxXHOCTeCH WeTatew TeCCTOACIUTCJIBHbIX 


MallIMH ABJIACTCA METOJ, 3IEKTPOUCKPOBON OOpaooTKuH. 


Keywords: dough divider, dough weight distribution, wear of Kuiroveevie c06a: TECTOJICUUTeEIbHOe YCTpOHCTBO, 
dough divider parts, measurement diagram, gaps in mobile pa3BeCcOBKa TeCTa, W3HOCbI eTalew TecTOeuuTeIbHOrO 
interfaces of dough divider. YCTpOlcTBa, CXe€Ma W3MepeHHaA, 3a30Pbl B MOBMXKHbIX 
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Introduction. Bread baking holds a specific place in the food industry. Products of enterprises of this 
specialization are top requested. However, despite high demand for bread and bakegoods, in some cases, such 
production may be wasteful. This is due to the insufficient mechanization of the baking process and the complexity of 
its maintenance. To make an enterprise of such specialization profitable, it is necessary to use high-tech equipment in 
the process of making bread, which includes, for example, dough-dividing machines [1 ]. 

Dough dividers are designed for mechanical processing of dough through dividing it into portioned pieces of a 
certain weight and shape. Dough dividers are most often used in bakeries that supply bread, loaves, rolls, etc. to the 
market. 

At the bread factories and in bakeries, dough-making machines of domestic production “Voskhod”, 
“GORIZONT” and of foreign manufacture - “PARTA U2”, “Kumkaya’, “CRV” are mostly often used [2, 3]. Imported 
equipment is although more functional than domestic analog models, but, it costs 1.5—2.5 times as much. 

The main unit of the dough divider that performs the key function is a dividing device (Fig. 1) which consists 
of hopper A; bin hopper B; suction chamber body C; dividing knife D; main piston E; suction chamber F’; measuring 
piston G; drum-type tail gate / (hereinafter referred to as the drum) with division box H [4]. 
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Fig. 1. Structure diagram of vacuum-type dough divider: A is hopper; B is bin hopper; C is suction chamber body; D is dividing 
knife; E is main piston; F is suction chamber; G is measuring piston; H is division box; / is tail gate (drum); K is conveyer belt. 


When in operation, the working surfaces of the main piston (Fig. 2 a), the suction chamber body (Fig. 2 b), the 
drum (Fig. 2 c), etc., wear out. 
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a) b) c) 


Fig. 2. General view of dough divider components: (A is maximum wear region): a 1s measuring piston; 
b is suction chamber body; c is drum 


As aresult, gaps between them go beyond the value at which vacuum is maintained in the suction chamber; the 
suction process goes out of control, and the dough divider disturbs the weight distribution accuracy of bakery goods [5]. 

Till now, repair of such equipment is carried out by 70-80% using spare parts priced from 200 to 300 thousand 
rubles. The component parts of foreign equipment are particularly expensive [6]. 

At a number of technical service enterprises, the restoration of components is carried out through the building- 
up of cast iron, stainless steel and non-ferrous metal on worn surfaces, and then through machining according to the 
allowance and technical requirements of the maker [6, 7]. However, this technique is unsustainable, time-consuming, 
and it has high cost. 

To increase the durability of such machines, a new highly efficient technology is needed, which provides 
restoring components through coating with the desired physical and mechanical properties. One of the main criteria for 
selecting a technique of restoring worn parts is evaluation of the part surface wear that determines the required 
thickness of metal coatings. 

In this regard, the work objective is to assess average values of gaps and wear of dough divider components 
according to the micrometric study results. 

Materials and Methods. The number of dough dividing devices for micrometric studies was selected using 
the chi-square test. When using this criterion, the critical power value p,, = 0.80 [8] and the value of the one-sided 
probability belief p, = 0.80 [9] were set. 


The determination of the number of objects is carried out according to the hypothesis: for a given value of the 
significance level a = 0.05. According to the null hypothesis, the number of objects is enough for research, according to 
the alternative one, it is not enough. If the significance level of the current value a; is higher than the accepted value of 
0.05 and the current value of the chi-square p,; criterion power is higher than the critical value of 0.80, then the null 
hypothesis 1s valid, and vice versa. 

For the accepted parameter values, the dependency graph of the number of objects N and the one-sided 
confidence probability p, of the chi-square criterion is shown in Fig. 3. 
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Fig. 3. Dependency graph of number of objects N and the one-sided confidence probability of chi-square criterion 


The graph shows that for the accepted one-sided confidence probability p, = 0.80, the number of objects for 


the experiment is V = 19 pcs. 

The calculation results in the STATISTICA program show that the design value of the significance level of the 
chi-square test a; = 0.064 is higher than the accepted 0.05, and the actual power of the criterion p,= 0.84 1s higher than 
the critical value 0.80 [8]. The results obtained validate the null hypothesis with a certain number of dough divider 
devices N = 19 pcs. 

Under the micrometric studies at the first stage, gaps in the interfaces were measured. 

According to Fig. 1, a divider consists of a suction chamber and a division box, inside which the main 


piston and the measuring one, respectively, are moving. 


When measuring the gap in the horizontal plane of these joints, the piston | 1s shifted all the way to the fixed 
chamber 2 and, on the opposite side, the gap Z, is measured in different sections (Fig. 4,a). Also, in this position of the 
piston 1, the gap Z, in the vertical plane is measured. 





Fig. 4. Measurements of gap in sliding joints of dough dividers 


Then piston | is shifted to the opposite direction (Fig. 4, b), and the measurement algorithm is repeated. 
Such measurements were carried out in the extreme and middle working position of the main and measuring piston 
1 (Fig. 1). 
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The tail gate-drum coupling is structurally made of two parts — a housing with a division box and a faceplate. 
The gap in this coupling is measured between the drum and the suction chamber. 

If a gap in the joints is more than 0.05 mm, the wear of the part working surfaces 1s measured. When the 
dough divider is operating in the joints, the main piston is a suction chamber, the measuring piston 1s a division box, 
and the drum is a suction chamber (Fig. 1). The unworn surface of the parts is absent, their relative wear is measured 
according to [10, 11]. 

The relative wear of the outer part surfaces in the 1-th section is calculated from the formula 
Us = Cl vanes _ d; 
where dpax 18 Maximum part size, microns; d; 1s the part size in the i-th section, microns. 
The relative wear of the internal part surfaces in the 1-th section is calculated from the formula 
B 
U: =D i D mins 
where D; is the part size in the 1-th section, microns; Dyin 1s the minimum part size, microns. 


When measuring, the sections of the chamber parts of the dough dividers are selected according to the working 
stroke of the pistons in those places where the working surfaces are in contact (Fig. 1). 
The relative wear of the drum surface is measured through radial deviation of the fixed points of the drum 
surface relating to the center holes of the bearing trunnions. A measurement circuit of the drum working surface is 
shown in Fig. 5. 


A A 

B B 

C C Pee] _ Opposite to division boxes in 
the upper part of faceplate 

D D 
drum wear zone opposite to 

E ee ee E YW - division boxes in lower part 

ZY i Uf, ifs Y of faceplate 
aia eae YUU +t Ke F 
— = ao 
G G 





Fig. 5. Measurement circuit of the drum working surface 


For measurements, the drum is installed in the centers of the lathe. Measurements during a longitudinal 
movement are made by the detecting head along the drum in different planes, but without changing the position of this 
head in the radial direction. 

To measure the external components of the dough dividers, MP02102 micrometer with an accuracy of 0.003 
mm in 0.002 is used. For internal parts -GOST 868 indicating hole gage NI-100M, whose measurement error is 0.015 
mm, with GOST 577 ICh10 mercer clock gauge head, 1 accuracy class in 0.01 mm. 

Research Results. The average values of the gaps between the pistons and chambers of the dough divider 
according to Fig. 3 are shown in Tables | and 2. 
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Table 1 


Average values of the gap between suction chamber and main piston 


Distance from front Gap average value, mm (+0.02) 
chamber edges, mm Z, ; 
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Table 2 
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Average values of the gap between division box and piston 


Distance from front Gap average value, mm (+0,02) 


eee 


Left chamber 





Tables 1 and 2 show that the side gap between the worn-out suction chamber and main piston reaches 300 um 
in some areas. Given the increased wear of the output part of the lower plane of the chamber, the vertical clearance is at 
least 400-500 um. Values of the lateral and vertical gaps between worn division boxes and pistons also far exceed the 
permissible value and reach 550 um. 

The average values of the gap between the drum and the suction chamber are shown in Table 3. 

Table 3 
Average values of the gap between drum and suction chamber 
Clearance in mm (+0.02) at points 
[3s], 4ifs | «f[7yfeyf!e 
A [ 005 [ois [01s [ons | 010 | 020 | 01s | 21 | 007 


-B | <0s [026 | ~030 | 030 | oos [02s [02s | os | <00s_ 


Sections 


>| <00s [009 [010 [00s [<o0s [02 [on | 010 | os 
-e [00s [007 | o0s_|o0s_[ 00s [00s [006 | 008 | <o0s 
Fr | <o0s [ore [ora | ors_[ 009 [ors [ors | os | <oos 





As follows from Table 3, the gap between the drum and the suction chamber in 300 um far exceeds the 
permissible value. 

Tables 4—5 show the measurement schemes and average wear values of the part surfaces that determine the 
performance of the dough dividers. 
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Table 4 
Results of micrometric measurements of main piston 


Average measurements 
Sections . Observations 
mm 


5 


Sectional piston height measurements, +0.01 mm 








Average 


measurements, mm 





99.95 In zones 1-2 on the bottom surface, wear is up to 0.2 mm deep, 
99.93 20 mm long, and 5-6 mm wide 
99.90 


99.86 
99.96 
| | 
tearing and furrows up to 0.1 mm in depth, some dents 
10 99.87 
12 


ies 99.84 


14 99.80 


Sectional measurements of piston width, +0.05 mm 


On the total area of bottom and top surfaces of zones 3-14, there is 





— 
— 





Average measurements, mm 





ee 
ee 
There is tearing and furrows up to 0.1 mm in depth over the total area of 
the side surfaces 

ee 
ee 


10 189.80 In this area, on the right side, there is longitudinal tearing up to 0.3 mm 
in depth 


WW} N 
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Table 5 
Results of micrometric measurements of measuring pistons 


Measurement ere mm (+0.01 
Sections Observations 


1 2 3 


Sectional 


Average 


measurement 
measurements, 
scheme of 
mm 
piston width 


PISTON No. | (left), sectional measurements of piston height 


99.88 
On the bottom surface in zones 1-3, there is tearing up to 0.3 
99.88 : 
mm in depth 
— 99.42, ..00 On the top surface (half the area) in zones 10-12, there is 
99.40...50 fatigue wear, on the rest area, there is tearing up to 0.2 mm in 
99.55 depth 
PISTON No. | (left), sectional measurements of piston width 


82.33 
82.33 
82.27 
82.38 
82.36 
82.31 


81.92 
82.00 
82.15 


81.80...90 
82.00 


82.14 
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In zones 7-9, there is uniform wear, the amount of wear on the 
left surface is greater than of the right one 
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In zone 10, there is fatigue wear up to 3.5 cm’ in area 
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PISTON No. 2 (right), sectional measurements of piston height 


2 99.77 


3 99 68 On the bottom surface in areas 1-6, there is tearing and furrows 
4 99.80 

ee 99.83 

—— 99.75 


99.50 


re 
99.48 
On the top surface in zones 10-12, there is fatigue wear up to 90% 


99.20...50 


PISTON No. 2 (right), sectional measurements of piston width 


2 
898 
3 


81.49...75 On both surfaces in zones 10-11, there is fatigue wear up to 50% 
81.58...92 mada 


As follows from Table 4, the height of the main piston wear along the sections is uneven. It is minimal at the 
rear part of the piston (10—20 um) and gradually increases to a maximum value up to 150 um to its front face. The 
nature of the change in the size of the piston width is similar, in which the maximum value of wear of at least 200 um is 
also located at its front face. Grooves of various depths (from 100 to 300 um), furrows, some dents are visible on the 
total frictional area. Piston wear is caused by mechanical abrasion. 

The inspection results of a measuring piston (Table 5) show that wear along the height and width is maximum 
in its front part (Table 3) and it can reach 800—900 microns. However, there is a feature caused by the presence of 
vertical and horizontal gates. The areas of friction surfaces opposite these gates are worn out more — by an average of 
250-300 um. Besides, in the fore piston lead-in, opposite the gates, on the top and side surfaces, there are sections of 
increased wear. This is clearly seen in Fig. 2, a. 

The wear monitoring of the components of the suction chamber and division box shows that a long-term 
operation has also affected their size variation. As in the case with pistons, they are worn unevenly over sections along 
the total length of the working stroke. A characteristic feature of the suction chamber is increased wear (300—400 um) 
of the bottom plane at the outlet part over all sections (Fig. 2, b). The width of the increased wear stripe of the suction 
chamber is 25—30 mm. 

The measurement results of the radial deviation of the drum working made according to the scheme of Fig. 4 
are shown in Table 6. 
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Table 6 
Average values of radial deviation of drum working surface! 
Sectional measurement results 


‘Note. 
1) > and < are directions of the longitudinal movement of detecting head; 


2) points G1 and G9 are basic 





Along with measuring the radial deviation of fixed surface points, it is possible, using the data from Table 3, to 
determine the boundaries of worn sections and the values of wear. The most worn sections of the drum working surface 
are in the sections opposite the division boxes in the upper and lower parts of the faceplate (Fig. 2c, 4) 

As follows from Table 3, maximum wear on the most worn sections of the drum working surface reaches 
280-300 um. 

To restore worn surfaces of dough divider components in the modern repair production, the most productive 
and economically viable technique is the electrospark machining [12]. 

Electrospark treatment is the process of transferring electrode material to a surface to be treated through the 
spark electric discharge. A feature of this method is a localization of worn areas, the absence of heating the components 
and the possibility of applying any conductive materials that provide high tribological properties of friction couples 
with minimal surface preparation. 

Conclusion. Thus, the micrometric studies of dough divider parts show that they have appreciable distortions 
due to local wear of the working surfaces. 

The investigation of gaps in the dough divider joints shows the following: the lateral gap between the suction 
chamber and the main piston 1s 6 times higher than the permissible one and reaches an average value of 300 um; lateral 
and vertical gaps between the division box and the piston are 550 um, which is more than 10 times the allowable gap; 
the gap between the drum and the suction chamber is 6 times the permissible gap and reaches an average value of 300 
uum. 

Wear of the working surfaces of the dough divider parts are local in character. The range of values for the main 
piston is 10-200 um; for the measuring piston, it is 250-900 um; for the suction chamber and division box, it is 300-400 
um; for the drum surfaces, it is 280-300 um. 

Based on the results obtained, it can be argued that the electrospark machining is the most productive and 
economically viable technique for restoring worn part surfaces of the dough dividers. 
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